Sa decreases soon after cen tratio n of dissolved oxygen in th e sea w ater falls below th e value corre sponding to air sa tu ra tio n b o th a t 10 an d 17° C. Above air sa tu ra tio n a t 17° C there is no significant rise in oxygen consum ption.
Introduction
Chlorocruorin is a pigment closely related to haemoglobin. I t is found dissolved in the blood plasma of certain marine polychaete worms. A series of papers has dealt with the properties of chlorocruorin, and with the blood circulation and metabolism of sabellid worms possessing this pigment (Fox 1926 (Fox ,1932 (Fox ,1933 (Fox , 1934 (Fox , 1938 R ocheandFox 1933 ; D. W. Ewer, in the press). Although it can be seen from these papers th a t chlorocruorin probably has a respiratory function, this has not yet been demonstrated. The present investigation was undertaken in order to discover whether chlorocruorin actually does function as a respiratory pigment.
The method adopted depends on the fact th a t chlorocruorin forms with carbon monoxide a compound analogous to carboxyhaemoglobin (Fox 1926 ). I t is therefore possible to eliminate any oxygen-carrying property of the pigment by treatm ent with carbon monoxide, and to compare the respiration of worms so treated with th a t of normal worms.
If chlorocruorin does act as an oxygen carrier, it may be th a t the pigment does not function when a worm is in air-saturated water, but only comes into action in water deficient in oxygen, the amount of oxygen in simple solution in the worm's blood being sufficient for its needs in air-saturated water. I t was therefore necessary to study the effect of carbon monoxide on the oxygen consumption of the animals at a series of different con centrations of oxygen dissolved in the sea water.
All the experiments were made with Sabella Savigny, the worms having been removed from their tubes. I t would have been preferable to study animals in their tubes with their crowns expanded, as this would have been closer to natural conditions. This was not possible, however, because the water in the experimental vessel cannot be stirred adequately without disturbing the animal and frequently making it withdraw its crown into its tube, thus causing great irregularities in respiratory rate. In this respect Sabella behaves differently from the nearly related Spirographis spallanzanii Yiviani, whose crown remains expanded while the water is stirred (Fox 1938, p. 562) .
After Spirographis has been removed from its tube, its metabolism falls and continues to decline progressively for a t least 24 hr. (Fox 1938) . Preliminary experiments showed us th a t in Sabella too the oxygen con sumption is less on the day after worms have been removed from their tubes than it is immediately after removal. Four tests made it clear how ever th a t in our experiments, which were all begun with worms as soon as they had been removed from their tubes, the metabolism did not appreciably diminish during the experimental period, for when the animals were replaced in normal sea-water after their respiration had been measured for 5 hr. in water of diminishing oxygen content they showed complete recovery. There was therefore no need to make a correction for progressively declining oxygen consumption due to the worms being tubeless.
The effect of available oxygen on the respiration of S a bella
As a first step in the investigation a study was made of the relation be tween the oxygen consumption of S. pavonina and the concentration of dissolved oxygen in the sea water, without any treatm ent of the worms with carbon monoxide. This was done in 1935 in the Zoology Department of University College, London, with animals sent from Plymouth, and we wish to tender our sincere thanks to Professor D. M. S. Watson, F.R.S., for his hospitality.
In each of these preliminary experiments a single worm was put into a closed flask of known volume, completely filled with sea water which had a desired concentration of dissolved oxygen. The flask was immersed in a water therm ostat at 17° C. The flask was of such a size th a t the worm reduced the oxygen content of the w ater by 10-15 % of the original value in 1-2 hr. During the experiment the flask was twisted by hand every 5 min. to circulate the water in it. W ater was used which had a content of dissolved oxygen greater or less than th a t of sea water in equilibrium with air. Four series of experiments were made, namely one series with a mean oxygen concentration of 10-2 c.c. per litre (extreme values in separate experiments 10-8 and 9-5), or nearly twice the normal oxygen content of sea water a t 17° C, and three series with lower oxygen concentra tions than th a t of sea water in equilibrium with air. These three series had mean oxygen concentrations of 4-4, 2-9 and 1*3 c.c. per litre respectively (extreme values 4-9-4-0, 3T -2-7, 1*6-1-1). The w ater was prepared as follows. I t was given approximately the desired concentration of dissolved oxygen by first equilibrating it with air and then bubbling oxygen or nitrogen through a measured volume of the w ater a t a known rate for a previously determined time, the rate of flow of the gas being measured with Beckett's (1917) glass meter. The oxygen content of the experimental water was then analysed, and a t the end of the experiment another w ater sample was removed from the experimental bottle for analysis. Each analysis was done in duplicate on 2-5 c.c. of water by a simplified variation of Nicloux's modification of the Winkler method (Fox, Wingfield and Simmonds 1937, p. 212) . The oxygen concentration in the water during the experiment was taken as being the mean of the initial and final values. After each experi ment the worm was dried on filter paper and weighed. The results of the experiments, expressed as cu.mm, oxygen consumed per gram wet weight of worm per hour, are given in table 1 and figure 1. I t is clear th a t the oxygen consumption decreases as the available oxygen falls below the amount present in sea w ater equilibrated with air. There is apparently a slight increase in respiration in water with a higher oxygen content, but the number of experiments was too small to show th a t this increase is significant, for, while table 1 shows th a t the difference between the mean oxygen consumption values at oxygen concentrations of 10*2 and 4-2 c.c. per litre is 10-7, the standard error of this difference is 6-2. It is noticeable th a t there are great individual variations in oxygen consumption. This has been found before with other invertebrates (Fox I93^ )-Differences in muscular activity may to a certain extent be re sponsible for such variations, although it is not obvious th a t muscular activity in one individual Sabella is much greater than in another, but the
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variations are probably due in p art to differences in the size of the animals and also to differences in the relative sizes of their crowns. I t is known th at in various poikilothermal animals the rate of metabolism per unit weight is greater the smaller the animal; the literature has recently been given by Wingfield (1939, p. 105) . Moreover, in which is nearly related to Sabella, larger animals have a slower rate of blood vessel pulsations (Fox 1938, p. 557) . In the four series of experiments on Sabella summarized in table 1 the correlation coefficients between weight and oxygen consumption were respectively -0-43, -0-05, -0-64 and -0*65. Thus on the whole the larger animals tend to have a lower oxygen consumption. 
I n each ex p erim ent M ean and s .e . 10-2 79, 104, 68, 79, 65, 79, 78,93,108, 115, 91, 70, 80 85-3 ± 4-4 4.4 62, 66, 88, 67, 95, 40, 62, 65, 92, 83, 107, 87, 58, 87, 83, 78, 48 74-6 ±4-3 2-9 86, 48, 61, 63, 48, 80, 58, 53, 44, 79, 48, 56, 84 62 1-3 37, 57, 31, 35, 40, 55, 41, 28, 30, 45, 48, 38, 51 41 oxygen co ncentration (c.c./l.) F ig ure 1. R a te s of oxygen consum ption a t 17° C of Sabella pavonina a t various concentrations of dissolved oxygen.
The crown of Sabella is largely responsible for the oxygen intake of the animal (Fox 1938) , and the size of the crown relative to th a t of the body varies considerably in different individuals, small crowns being probably in a state of incomplete regeneration. No animals with very small crowns were used in the experim ents; nevertheless there are inevitable individual differences in the ratio of crown to body size. In the two series of experi ments at 10-2 and a t 2-9 c.c. oxygen per litre the body and crown of each worm was weighed separately, and a positive correlation was found be tween the ratio of crown to body and the magnitude of oxygen consump tion. In the first series the correlation coefficient was + 0-35, in the second + 0-72. Thus part of the individual differences in oxygen consumption were probably due to varying sizes of the crowns.
The effect of carbon monoxide on respiration of S a b e l l a
For the main experiments on the function of chlorocruorin, which were made in Birmingham with S. pavonina sent from Ply Millport, a different method was adopted for the measurement of oxygen consump tion, for the following reason. I t appears th a t certain aquatic animals (planarians and caddis larvae) whose oxygen consump tion is dependent on the available oxygen may, to a certain extent, adapt themselves to conditions of oxygen-lack if given time. When such an animal is put suddenly into water of diminished oxygen content, its re spiration falls, but if the oxygen content of the water in which the animal is living is only slowly brought down to the same value, then the animal's respiration does not fall so much (Hyman 1929; Hiestand 1931) . I t is possible, therefore, th a t when Sabella, retracted in its tube, slowly reduces the available oxygen its oxygen uptake does not diminish so much as in the experi ments already described. An apparatus was therefore designed in which the worm slowly reduces the oxygen in the experi mental bottle by its own respiration, water F ig u r e 2. R espiration flask h aving samples being withdrawn from the bottle a three-w ay tap and a stopper at intervals for analysis. tap of capillary bore fixed near the base. The flask is closed by a glass syringe whose barrel has been cut short so th a t it has no nozzle. The joint between the truncated barrel of the syringe and the neck of the flask is made airtight with rubber tubing. After a worm has been put into the water in the flask for an experiment, the flask is closed without in cluding any air bubbles, and after the tap has been opened the plunger is allowed to descend to a certain m ark by which the volume of water in the flask is known. The tap is then closed. When water is withdrawn through the tap for analysis during an experiment the plunger slides down by a corresponding amount, and it is thus possible to take a number of water samples a t intervals w ithout adm itting air. The diminished volume of water in the flask after each sample has been withdrawn is allowed for in the calculation. For each experiment the w ater was given approximately the desired oxygen content in the m anner described above. The experiments a t 17° C were all started w ith ait-saturated water. Some of those a t 10° C were begun at concentrations of oxygen below air saturation* because with the slower respiration a t the lower tem perature the time taken for the animals to reduce the oxygen content of the w ater from air saturation to about 1 c.c. per litre is very long.
Before and a t intervals during an experiment the oxygen content of the water was determined in 1*5 c.c. samples by the syringe-pipette method of Fox and Wingfield (1938) . For withdrawal of the w ater sample the nozzle of the syringe pipette, containing some manganous chloride solution, is connected to the horizontal outlet of the three-way tap with rubber tubing, the passage from the horizontal to the vertical outlet of the tap being open. The plunger of the syringe pipette is then pressed home, the tap being thus filled with manganous chloride solution. After th a t the cock is turned so th a t the flask is in connection with the syringe pipette, the vertical outlet of the tap being closed, and the w ater sample is withdrawn into the syringe for analysis. A possible error due to the manganous chloride solution in the tap replacing part of the measured volume of w ater to be analysed was found to be negligible: water taken into the syringe pipette through the tap and water from the top of the flask showed the same oxygen content on analysis.
During an experiment the flask was attached in a water therm ostat to a wheel rotating slowly on a horizontal axle. This resulted in the water inside the flask being gently and continuously circulated.
The method of treating worms with carbon monoxide was as follows. Sea water was prepared containing approximately 1 c.c. of carbon mon oxide and 5 c.c. of oxygen per litre. The worm to be used was placed in this water in its tube, and kept in the dark for 3 hr. I t was necessary to use as high a concentration of carbon monoxide as this because lower concentra tions were found not always to be effective. The volume of water used was large, so th a t during the 3 hr. its oxygen concentration was scarcely re duced ; in other words the relative pressure of carbon monoxide was never significantly greater than 1/5.
After an experiment the animal was weighed as usual, and then some blood was withdrawn, diluted and examined spectroscopically to ascertain whether the chlorocruorin had all been converted to the carboxy-compound. This is easily done, since oxychlorocruorin and carboxychlorocruorin have intense absorption bands, whereas reduced chlorocruorin has not (Fox 1926) . Oxychlorocruorin can be reduced by sodium hydrosulphite, but carboxychlorocruorin cannot; consequently if the bands do not become appreciably weaker when the salt is added to the blood, almost all of the pigment must be in the state of carboxychlorocruorin.
The experimental results are given in tables 2 and 3, and in figures 3 and 4. I t should be remembered th a t in the preliminary experiments, summarized in table 1, there was a single oxygen-consumption value, a t a given oxygen concentration, in each experiment. In the experiments now being described, however, water samples were withdrawn from the bottle at intervals, the oxygen content of the water having fallen, owing to the worm's respiration, between the successive withdrawals of water for ana lysis. Thus in each experiment there was a number of oxygen-consumption values, corresponding to the successive diminishing oxygen concentrations. The oxygen concentration in the water corresponding to each of these oxygen-consumption values was taken as the mean of the oxygen con centrations determined at the beginning and end of the interval in ques tion. In tables 2 and 3 the oxygen-concentration values of all the experi ments are grouped in classes differing by 0*5 c.c. per litre, but no attem pt is made to distinguish the series of values belonging to separate experi ments.
I t is clear from figures 3 and 4 th at the oxygen consumption of the worms diminishes with falling oxygen content of the water. The upper curve in figure 3 , for animals at 17° which had not been treated with carbon mon oxide, is comparable with the preliminary experiments of figure 1. I t is evident from figure 3 th a t although the worms themselves reduced the oxygen content of the water slowly, yet there was no adaptation in oxygen On the function of chlorocruorin 143 consumption; the metabolism fell with the decrease in available oxygen just as it did in the preliminary experiments. I t is noticeable, however, th a t the oxygen consumption values a t 17° in figure 3 are lower than those in figure 1. I t is possible th a t the gentler agitation of the water in the later technique caused less muscular contrac tion of the worms, but the difference is probably due mainly to a size dif ference between the animals employed. In the preliminary experiments of figure 1 the mean wet weight per animal was 1-7 g., in the experiments of figure 3 it was 4-5 g. Figures 3 and 4 show clearly th a t both a t 17 and a t 10° C, and at all oxygen concentrations used, the respiration of worms treated with carbon monoxide is less than th a t of normal worms. Thus at both temperatures respiration diminishes considerably when the chlorocruorin is eliminated.
A comparison of figures 3 and 4 shows th a t carbon monoxide caused a greater diminution in oxygen consumption a t 10 than a t 17° C. This is probably to be attributed again to size differences of the animals. The average weights of the worms used were as follows: a t 17° C, untreated animals 4-5 g., with carbon monoxide 4*8 g .; at 10° C, untreated 1*8 g., with carbon monoxide 6*2 g. The differences in weights a t 10° C were due to exigencies of collection.
P ossible sources of error
(1) For the successful operation of the Winkler method of estimating dissolved oxygen it is essential th a t the animal should not liberate reducing substances which might give a fallaciously low value for the oxygen content of the water. The most frequent sources of error are nitrite and ferrous iron (Allee and Oesting 1934) , but tests showed th a t these substances were not present in our experiments.
(2) Organic substances secreted by an animal might cause an error in the oxygen estimation by absorbing iodine during the titration. That this is not the case was shown as follows: when the sodium thiosulphate solution was standardized against sodium iodate which had been diluted with sea w ater in which a worm had lain, instead of distilled water, the result was the same as when distilled w ater was used for the dilution.
(3) I t has been shown by Yonge (1937) th a t some corals secrete much mucus, which absorbs oxygen. Sabella produces some mucus, and this might therefore be a source of error in oxygen determinations. The possi bility of this error was tested by cutting worms into pieces, which stimu lates mucus secretion. After bleeding had stopped, the pieces were washed and left in an experimental flask for 2 hr., in which time they produced at least as much mucus as is normally present in an experiment. During the two hours subsequent to the removal of the pieces of worms from this water, its oxygen content was found to fall only at the rate of 0*014 c.c. per litre per hour. This is comparable with the reduction in the oxygen content of ordinary sea water in an experimental flask containing no worm, namely, 0-012 c.c. per litre per hour, which is possibly due to absorption by the rubber tubing holding the syringe stopper in place. These two factors were regarded as small enough to neglect, especially as the work was of a com parative nature and the effect must be approximately the same in each experiment.
(4) The experiments on worms treated with carbon monoxide, sum marized in table 3, were made in darkness, since light dissociates carboxychlorocruorin (Fox 1926) , whereas the experiments on untreated worms (table 2) were made in dim daylight. P art of the difference in oxygen con sumption between treated and untreated worms might therefore have been due to a difference in illumination, not to the effect of carbon monoxide. To test this possibility additional experiments were made at 17° C with untreated worms in darkness. Eleven experiments a t an oxygen concentra tion of 5-0-4-6 c.c. per litre gave a mean oxygen consumption of 55-0 + 2-6 c.c. per gram wet weight of worm per hour. The difference between this and the corresponding value of 6 0 6 + 7-8 given in table 2 is 5-6 and the standard error of this difference is 8-2. Twelve other experiments in dark ness at an oxygen concentration of 4-5-4-1 c.c. per litre gave a mean oxygen consumption of 55-6 + 2-9 c.c. per gram wet weight of worm per hour. The difference between this and the value of 60-0 + 5-3 in table 2 is 4-4 and the standard error of this difference is 6-0. In neither case there fore is the difference between the oxygen consumptions in light and dark ness significant.
(5) I t has been shown by Fox (1933) th a t carbon dioxide in solution causes an inhibition of the contractions of the blood vessels of but this only takes place when there is a considerable amount of dissolved carbon dioxide present, the threshold being about pH 6-0. The pH of the water at the end of several experiments was therefore determined, and found to be 8-0. This is far above the threshold, so th a t the carbon dioxide liberated during the course of an experiment was not sufficient to introduce an error due to inhibition of the blood vessel contractions. Moreover, at the end of an experiment the blood vessels of the crown, which are the only ones easily observable in large worms, could be seen contracting normally.
(6) Carbon monoxide not only unites with chlorocruorin but also inhibits cellular respiration (Warburg 1926; Keilin 1929 ). Before we can conclude, therefore, th at the diminution in oxygen consumption of Sabella after tre a t ment with carbon monoxide is due to the elimination of the respiratory function of chlorocruorin, it must be shown th a t carbon monoxide, at the pressures used, has no effect on cellular respiration. I t was unlikely th a t the carbon monoxide had any such effect in our experiments because in other cases so far studied the oxidase is only affected by high partial pressures of the gas, when the relative pressure of carbon monoxide to oxygen is greater than unity. Nevertheless, it was thought necessary to test the possibility of this error experimentally. The influence of carbon monoxide on the tissue respiration of Sabella was therefore investigated.
A Barcroft differential manometer was used, the flasks of which were fitted with side taps so th a t a stream of gas could be passed through them. The tissue was prepared as follows. The middle region of the body of a worm was opened dorsally and the gut removed, after which the body wall was cut into slices about 1 mm. in thickness. This relatively great thickness is allowable owing to the slow rate of respiration of the tissue. W arburg's (1923) formula for the maximum thickness which will allow oxygen to reach the cells in the interior of the tissue gives a value of 1*5 mm. for Sabella, assuming th a t the rate of diffusion of oxygen into the tissue is the same as th a t found by Krogh (1919) for muscle*. After washing, the slices were put into one of the experimental flasks with 3 c.c. m/1000 succinic acid in sea water, the pH of the solution having been adjusted to th a t of normal sea water. This solution was found to give a more uniform oxygen uptake than sea w ater alone or sea water + 1 % glucose. The experimental tem perature was 17° C and the rate of shaking 130 per min. with an excursion of 5 cm. A further increase in rate of shaking did not accelerate the rate of respiration.
During the experimental period there was a slight continuous falling off in the rate of respiration; the following procedure was therefore adopted. After the tissue and solution had been put into one flask, and solution alone into the other, air was passed through both flasks for 20 min., and then an interval of 10 min. was allowed for tem perature and pressure equilibration. During all this period the apparatus was shaken. The respiration of the tissue was then measured for 1 hr. After th a t a gas mixture containing 4-2 % carbon monoxide and 95-8 % air, which has the same relative pres sure of carbon monoxide and oxygen, namely, 1/5, which was used for the whole worms, was passed through the flasks for 20 min., followed by 10 min. for equilibration. The respiration was then again measured for 1 hr. The whole experiment was done with the flasks in darkness. After the experi ment the tissue was filtered off on a Gooch crucible, washed with distilled water, dried for 24 hr. at 105° C, and weighed. Another series of experi ments was made which was exactly similar to the first except th a t air in stead of the carbon monoxide mixture was passed through the flasks after the first hour's measurement of respiration.
On the function of chlorocruorin 149 As stated above, there was usually a decrease in the tissue respiration with time. In order to allow for this, the ratio, in the first series of experi ments, of the respiration in the carbon monoxide mixture to th a t in air during the previous hour was compared with the ratio, in the second series, of the two successive hours' respiration in air. The results are given in table 4. The mean rate of respiration in carbon monoxide mixture, namely, 430 cu.mm, per gram dry* weight per hour, is 85 % of 504, the rate during the previous hour in air. In the second series of experiments 444, the rate during the second hour in air is 82 % of 539, the rate during the first hour in air. The two percentage decreases are thus almost identical, which shows th a t the carbon monoxide had no inhibiting effect on the tissue respiration.
* These rates of m etabolism can be com pared w ith those of whole anim als by employing th e factor 5-8, th e ratio of w et w eight to d ry w eight.
D iscussion
In a number of invertebrates there occur blood pigments which are presumed to be respiratory, but only in a few instances have they been shown to act in the same way as respiratory pigments do in the vertebrates.
I t has been suggested th a t in certain invertebrates these pigments are not utilized at all when the pressure of oxygen in the environment is relatively high, since enough oxygen to meet the requirements of the animal can then be carried in simple solution in the blood: only at low environ mental oxygen pressures would the pigments be used by the animals. In such a case, assuming the pigment to be haemoglobin, its conversion to the carboxy compound would cause no diminution in the animal's oxygen consumption until the external oxygen pressure had been reduced to a low value. This has been reported for the earthworm (Jordan and Schwarz 1920; Dolk and van der Paauw 1929), but experiments carried out in this D epartm ent and shortly to be published by Dr M. L. Johnson have failed to confirm their results*. The haemoglobin of Arenicola has a low loading tension (oxygen pressure for 95 per cent oxyhaemoglobin) (Barcroft and Barcroft 1924); it therefore takes up oxygen from the environment even when the latter contains very little dissolved oxygen. For this reason it has been concluded (Borden 1931) th a t the prim ary function of the haemo globin of Arenicola is th a t of transporting oxygen during the period of lowered oxygen pressure to which the worms are probably subjected in their burrows at low tide. This suggested function for Arenicola haemo globin, however, lacks experimental proof, and if the oxygen pressure in the respiring tissues were near zero, the oxyhaemoglobin, in spite of its low unloading tension (oxygen pressure for 50 per cent oxyhaemoglobin), would give up its oxygen to these tissues even a t high oxygen pressures in the environment. I t has also been suggested th a t in some cases among the invertebrates a respiratory pigment does not act as a continuous oxygen transporter from surface to cells, but as a reservoir of the gas for use in times of oxygen shortage. Thus the amount of oxygen in the blood of Arenicola is sufficient to last the animal for about an hour at 10° C, and could therefore help to supply its wants while it is buried in mud at low tide and unable to obtain fresh supplies of oxygen (Barcroft and Barcroft 1924; Borden 1931 )-Van Dam (1938 points out th a t the ventilation movements of Arenicola in its mud tube under water are interm ittent, and he concludes th at the haemo globin may act as a store of oxygen between successive ventilation periods.
* A preliminary notice of these results has been published (Fox 1940 ).
In the gephyrean worm Urechis caupo, too, the oxygen combined with the haemoglobin is sufficient to last the animal for about an hour and is thought to act as a store both between ventilation periods and between tides (Redfield and Florkin 1931) .
Our experiments have shown th a t in Sabella the oxygen consumption of worms treated with carbon monoxide is less than th a t of normal worms, a t oxygen concentrations from air saturation down to a low value. The decrease is not due to a direct effect of carbon monoxide on the tissues of the animal, and must therefore be the result of the elimination of oxygen carriage by the chlorocruorin in the blood. The difference between the oxygen consumption of normal animals and of those treated with carbon monoxide gives a measure of the respiratory activity of chlorocruorin a t the temperatures and oxygen concentrations studied, and shows th a t chloro cruorin functions as a respiratory pigment when Sabella is in air-saturated water as well as in w ater of lesser oxygen content.
This might have been anticipated from the fact th a t the oxygen con sumption of the worms is dependent on the oxygen tension in the w ater: soon after the latter decreases the oxygen consumption falls, not only at 17° C, but also when the metabolism of the animals is lower, a t 10° C. Since this is the case, it is to be presumed th a t the oxygen pressure in at least some of the tissues is very low (Krogh 1916) , and therefore th a t the respiratory pigment will unload most of its oxygen on arrival a t these tissues. Moreover, if the relatively high unloading tensions-18 mm. at pH 7-7 and 10° C, 27 mm. at pH 7*7 and 20° C-found by Fox (1932) for Spirographis chlorocruorin in diluted blood apply also to whole blood of Sabella, the pigment would easily give up its oxygen to the tissues even if the oxygen pressure in them were not zero. Tubifex is the only other annelid which has been shown to use its blood pigment when in water saturated with air (Dausend 1931).
I t is probable th a t Sabella does not usually encounter conditions of serious oxygen shortage for any length of time. Sabella lives in fairly shallow water, from low tide-mark down to about 100 m. (McIntosh 1922) , and the oxygen concentration of sea water at the latter depth is moderately high, being 4 to 7 c.c. per litre down to 500 m. in the A tlantic N. lat. 30-60° (Johnstone 1923) . Nevertheless in some places Sabella is uncovered at low tide; for instance, during lowest summer spring tides a t Baltimore, Co. Cork*, some individuals were found to be exposed for 4 hr. In these con ditions there is probably a deficient oxygen supply in the tubes. I t is im-* Our th an k s are due to Professor L. P . W . R enouf, D irector of th e Loch Ine Biological S tation where these observations were m ade. probable, however, th a t the chlorocruorin is of much importance as an oxygen store. The total amount of oxygen carried by the blood of graphis is 6 cu.mm, per gram wet weight of worm (Fox 1934 ) and the value for Sabella is not likely to be very different. This would only be sufficient a t 10° C to m aintain the oxygen consumption of the worm for 9 min. at its normal level which is 43 cu.mm, per gram per hour (table 2) . At 17° C, with an oxygen consumption of 62 cu.mm, per gram per hour, the oxygen in the blood would last only 6 min. On the other hand, soon after a worm is enclosed in its tube at low tide its oxygen consumption presumably begins to diminish owing to the lesser amount of oxygen available from outside. The oxygen in the blood might therefore last rather longer than 6 or 9 min., but not for any considerable length of time.
We come to the conclusion then th a t the chlorocruorin in the blood of Sabella is of comparatively little importance as an oxygen store and th a t its main function is th a t of transporting oxygen.
